The aim of this study was to investigate the effects of pomegranate flower extract (PFE) (0.05, 0.04, and 0.07%) and vitamin B 3 (1.5, 1.9, and 2.3%) on the formation of acrylamide during the donut making process. Physicochemical, textural and sensory attributes and also acrylamide content of donuts were evaluated. Results showed that the addition of PFE and vitamin B 3 decreased acrylamide content, peroxide value, thiobarbituric acid value, oil adsorption capacity and specific volume and increased hardness of donuts. PFE incorporation declined b* and L* values, while vitamin B 3 increased L* index. All sensory features declined as the levels of PFE and vitamin B 3 increased. Based on the optimization process, fried donuts containing 0.07% PFE and 1.97% vitamin B 3 had the closest attributes to control sample and were accepted as the best treatment. In optimized donut, acrylamide content decreased from 76.2 to 64.4 mg kg −1 (~ 11.8% reduction) upon incorporation.
Introduction
Cereal products like sweet cakes, pies, and donuts are consumed as quick snacks all over the world. These products are an important source of energy and nutrients such as minerals, vitamins, and carbohydrates. Donuts are one of the most popular cereal products that are less widely considered in comparison to the main products. These cereal-based products have unique attributes such as attractive aroma and taste, but contain a significant amount of acrylamide [1, 2] .
Acrylamide, a white crystalline solid, is classified as potentially carcinogenic compound to humans. It is found in carbohydrate-rich foods, which potato and baking products are responsible for about 50 and 20% of human exposure to acrylamide, respectively [3] . Recently, acrylamide has received a great deal of attention due to its potentially neurotoxic, genotoxic, and carcinogenic activities. Therefore, there are some inhibition strategies for reducing the formation of acrylamide in model and real food systems like the use of lower temperatures and times, raw materials containing fewer precursors, and exogenous additives such as polyphenols, which are widely applied for this purpose [4] .
Polyphenols are recognized as secondary metabolites in fruits and vegetables, which have some functionalities include antioxidant, antitumor, and anti-inflammation activities. They are also able to modulate the immune system and protect the retina and cardiovascular system [5] . Several studies have shown that plant extracts containing polyphenols are able to reduce the content of acrylamide in many food systems [6] [7] [8] .
Pomegranate (Punica granatum L.) belongs to the family Punicaceae and has some positive roles like antidiabetic, antitumoral, antioxidant, antimicrobial, and anti-inflammatory effects [9] . Pomegranate flower extract (PFE) contains polyphenols (gallic and ellagic acids) and triterpenoids which have potentially antioxidant abilities [10] . Additionally, the inhibitory effect of water-soluble vitamins on acrylamide formation in fried potato strips has been reported; water-soluble vitamins such as B 2 , B 5 , and B 12 can reduce the synthesis of acrylamide by 20%, which B 3 and B 6 vitamins, due to their strong antioxidant property and structural stability, are more effective in decreasing acrylamide formation during food processing. Furthermore, the active groups (primary amine, hydroxyl or aldehyde) of R-side chains can play an important role in the ability of vitamins to suppress the acrylamide formation [11] . Using PFE and vitamin B 3 in donut formulation 1 3 can lead to a positive effect on nutritional value and acrylamide reduction of the final product. In this regard, PFE can increase the antioxidant activity of the donut due to its polyphenolic compounds. Therefore, these bioactive compounds can be used as potential ingredients in order to inhibit the creation of acrylamide in thermally processed foods.
The aim of this study was, therefore, to evaluate the inhibitory effects of PFE as a source of polyphenols and vitamin B 3 on the formation of acrylamide in donut during the making process.
Materials and methods

Materials
Pomegranate flowers were collected from Yazd province (Iran). All chemicals and reagents used in this study were of analytical grade and purchased from Merck (Darmstadt, Germany).
Preparation of PFE
Pomegranate flowers were completely dried at room temperature and then grounded to powder form. About 75 g of dried pomegranate flower was dispersed in 200 mL of 96% ethanol and the dispersion was heated at 45 °C. The extract was transferred into a dark glass for 24 h and then filtered. Afterwards, the solvent was removed through Rotary evaporator (Buchi, Switzerland) to obtain an extract (100 mL) with 28.4% dry matter and then the extract (PFE) was stored at 4 °C until analyses.
Preparation of donuts
Donuts were prepared in accordance with the methods of Vélez-Ruiz and Sosa-Morales [12] and Shih et al. [13] with some modifications (Table 1) . For this aim, all powder ingredients (flour, salt, sugar, yeast, vanilla, vitamin B3, and improver) were mixed for 2 min. Afterwards, liquids like PFE, oil, egg, and water were added and the mixture was blended at low speed for 2 min followed by mixing at high speed for 7 min. The doughs were cut into 50 g chins and proofed at 35 °C for 45 min. After, the chins with 1.0 cm thickness were spread manually, molded and proofed for 6 min. They were then stored in an incubator for 70 min at 37 °C under 85% relative humidity to complete fermentation process. The doughs were fried at 180 °C for 2 min and then removed from the fryer. Finally, donuts were cooled down to room temperature for 45-60 min and stored in polyethylene bags at ambient temperature before uses.
Donuts evaluation
Specific volume
Specific volume of donuts was measured based on the rapeseed displacement AACC method 72-10 [14] . The weight of donuts was determined and then the specific volume was calculated as bellow:
Specific volume cm 3 ∕g = sample volume cm 3 ∕ sample weight (g) 
Moisture content
Moisture content of donuts was measured in accordance with the AACC method 44-14 [14] by drying the samples in an oven (Memmert unb 500, Germany) at 100-105 °C for 2 h.
Acrylamide measurement
The amount of acrylamide in fried donuts was quantified by high performance liquid chromatography (HPLC) after derivatization based on the methods described by Shi et al. [15] and Jezussek and Schieberle [16] . Donut samples were transferred to the laboratory and after drying the samples at ambient temperature (28 °C), they were grounded to small particles (particle size up to 1.0 mm) using an electric mill (Black & daker, Germany) and then stored at − 4 °C. In order to extract and measure the amount of acrylamide using a LC/DAD apparatus, 2-mercaptobenzoic acid was employed as an acrylamide derivative. 5.0 g of the milled donuts was accurately weighed and transferred to a centrifuge tube containing 25 mL of deionized water. The tube was well stirred for 5 min and then placed in an ultrasonic bath at 30 °C for 20 min to increase the extraction efficiency. Next, the tube was centrifuged at 3850 rpm for 15 min at 0 °C and then 10.0 mL of supernatant was separated and transferred into another centrifuge tube. The solution was adjusted to pH 8.0 by adding 1.0 M KOH. Then, 2-mercaptobenzoic acid (1.0 mL) was added to the solution in order to perform the derivative process (pH value was increased to ~ 10.0). The tube was coated with aluminum foil and placed in an ultrasonic bath at 35 °C for 100 min to complete derivative reaction. Afterwards, 3.0 mL of saturated Pb(CH 3 COO) 2 was added to remove the excess of derivative reagent and after centrifugation at 3850 rpm for 20 min at 10 °C, the supernatant was collected and transferred into another tube and was then acidified with 5.0 M HCl to pH value of 3.0.
The tube was re-centrifuged and the supernatant was carefully separated and extracted with 5 mL of ethyl acetate (3-times). The organic solvent was evaporated at 60-65 °C and the residue was re-dissolved with 800 µL of methanol. The sample was then collected and injected for HPLC analysis (Agilent, Germany). A mixture of acetonitrile and acetic acid solution (0.1% w/v) (20:80 v/v) was utilized as mobile phase. 20 µL of sample was injected and flow rate was 7.0 mL min −1 . The detection wavelengths were set at 238 and 254 nm.
Peroxide value
Peroxide value is used to determine the amount of initial oxidation products of fats and oils. Five grams of oil sample (palm-free frying oil) was weighed in 250 mL Erlenmeyer flask and 30 mL of peroxide solvent (acetic acid to chloroform ratio of 3:2) was added. The flask was shaken, 0.5 mL of saturated potassium iodine solution was added and then the obtain solution was placed in a dark place for 1.0 min. After, 30 mL of distilled water was added and the liberated iodine was titrated with sodium thiosulfate in the presence of starch indicator. Peroxide value was calculated as milliequivalents of oxygen per kilogram of extracted oil (meq/kg) according to the following equation [17] :
where, N is the normality of sodium thiosulfate, V is the titrated volume of sodium thiosulfate, and W is the oil weight (kg).
Thiobarbituric acid (TBA) value
Ten grams of sample was dissolved in 25 mL of distilled water and then diluted to 50 mL with trichloroacetic acid solution. The obtained solution was filtered and 4.0 mL of the filtrate was mixed with 1.0 mL of TBA solution (0.06 M) followed by placing in a boiling water bath for 10 min. Finally, the solution was cooled to room temperature and results were expressed as mg malonaldehyde (MDA) per kilogram [17] .
Oil adsorption capacity
Oil adsorption capacity (OAC) was measured according to the standard AOAC method [18] .
Texture analysis
Hardness of donuts was evaluated by a Texture Analyzer (M350-to act, UK) based on the AACC method 74-09 [14] . Donut samples were cut into pieces with 40 mm × 40 mm × 20 mm dimension and then the crust of donuts was removed. An aluminum cylindrical probe (25 mm diameter) was used to compress the samples at 30 mm min −1 test speed and maximum force (F max ) was then recorded as hardness of the donuts.
Peroxide value ∶ (N × V)∕W × 1000
Color studies
The crust color (L, a, and b values) of donuts was evaluated using a Hunterlab colorimeter (HunterlabD25-Dp9000, USA) according to the AACC method 14-30 [14] .
Sensory attributes
Donuts were evaluated for sensory attributes, i.e., flavor, aroma, texture, color, and overall acceptability by ten welltrained panelists based on a five-point hedonic scale test (score 1 = dislike extremely and score 5 = like extremely) [19] .
Statistical analysis
Response surface methodology (RSM) was used to evaluate the effects of independent variables of the study and different levels of PFE and vitamin B 3 on physicochemical, textural and sensorial attributes of the donuts. The measured parameters were analyzed using the first, second, and three-degree polynomial equations. Data analysis was performed using Design Express 8.0 software.
Results and discussion
Acrylamide content
The result of analysis of variance (ANOVA) for acrylamide content is presented in Table 2 . The model F value of 33.68 and the p value less than 0.0001 indicate that the model was significant. In addition, the p values of linear coefficients (A for PFE and B for vitamin B 3 ) and quadratic term coefficient (A 2 for PFE) were less than 0.05. The coefficient of determination (R 2 ) and adjusted determination coefficient (adjusted R 2 ) were 0.96 and 0.93, which showed that the model is suitable for predicting the experimental data from acrylamide content of donuts. The addition of PFE and vitamin B 3 caused a decrease of acrylamide content in donuts (Fig. 1a) mainly due to the antioxidant activities of the compounds thorough chelating of free radicals, scavenging of carbonyls, and limiting the degradation of sugars during the Maillard reaction [20] . Ciesarová et al. [21] reported a similar result and showed that the addition of plant extracts obtained from pimento, black pepper, marjoram, and oregano to potatoes decreased the content of acrylamide up to 75%. Additionally, Budryn et al. [1] reported that high concentrations of the extracts of green tea and green coffee reduced the formation of acrylamide in fried donuts.
Table 2
The results of analysis of variance (ANOVA) for acrylamide content and physicochemical, textural, and sensory properties of donuts 
Physicochemical properties
The results of adding PFE and vitamin B 3 to donut formulation and their effects on moisture content of the product are shown in Fig. 1b and Table 2 . Independent variables had no significant effect on the response. Incorporation of PFE and vitamin B 3 had significant linear, quadratic, and interaction effects on peroxide value of the donuts after production (first day) ( Table 2 ). As well, inverse linear and non-linear correlations were observed between PFE and vitamin B 3 and peroxide value, respectively (Fig. 2a) . Moreover, linear and interaction effects of independent variables and quadratic effect of PFE were significant in terms of peroxide value of the donut after 15 days of production ( Table 2 ). Figure 2b shows a linear and inverse relationship between independent variables and peroxide value. The lowest peroxide index was observed in donut samples containing high levels of PFE and vitamin B 3 . Reduced peroxide value in samples treated with extract is mainly due to the presence of phenolic compounds, especially polyphenols (e.g., tannins) in pomegranate flowers [22, 23] . As well, vitamin B 3 has antioxidant activity and is used as an effective agent to prevent oxidation reactions [11] . These results are in accordance with those of Izzreen and Noriham [24] , who reported that the inclusion of some Malaysian herbal aqueous extracts into cake decreased peroxide value of the product after 15 days of production.
TBA value decreased linearly and non-linearly with increasing the levels of PFE and vitamin B 3 , respectively (Fig. 3a, b) ( Table 2 ). The reactivity of TBA with lipids is an indicator of the extent of secondary oxidation of lipids in foods; an increase in that indicates the progression of the oxidation process and hydroxide degradation into volatile compounds, especially aldehydes [25] . The decreased amount of TBA value is due to the presence of antioxidant phenolic compounds (gallic acid and ellagic acid) in PFE [26] and potent antioxidant activity of vitamin B 3 [11] . The results are in line with those of Bopitiya and Madhujith [27] , who reported that pomegranate peel extract can effectively delay the oxidation process of coconut oil during frying.
As shown in Fig. 4a and Table 2 , OAC of donuts declined linearly as PFE and vitamin B 3 levels increased. By-products of the oxidation reaction such as high molecular weight polar compounds are able to increase the oil viscosity and reduce the surface tension between oil and food product, which in turn, the oil can be readily adsorbed into the food [28] . Accordingly, the addition of PFE and vitamin B 3 due their antioxidant capacities reduced OAC of donuts through inhibiting the oxidation process and formation of free radicals. Aydenız and Yilmaz [29] reported similar results. ANOVA results for specific volume (Table 2) showed that the proposed model was significant (P < 0.05). The only significant expression of the model was the effect of vitamin B 3 (B) (P < 0.05). Additionally, the counter plot (Fig. 4b) shows that there is an inverse and non-linear correlation between vitamin B 3 and specific volume. The specific volume decreased as the level of vitamin B 3 increased, while PFE had no significant effect (P > 0.05).
Textural attributes
According to the Table 2 , the model obtained for the effects of vitamin B 3 and PFE on textural attributes of donuts was significant in terms of vitamin B 3 at 1 and 15 days, while the effect of PFE was not significant. On the first day, donut hardness increased linearly with increasing vitamin B 3 levels (Fig. 5a) . Among the expressions, the effect of vitamin B 3 (B) was significant (P < 0.05). The statistical analysis of the effect of independent variables on donut texture after 15 days of production showed that the effect of vitamin B 3 (B) and quadratic effect of vitamin B 3 (B 2 ) were statistically significant (Table 2) . A non-linear effect was observed between vitamin B 3 levels and donut hardness (Fig. 5b) ; higher levels of vitamin B 3 resulted in an increase in hardness of donuts. The decreased specific volume (increased hardness) of donuts could be attributed to the adverse effect of the vitamin on the formation of gluten network, which the latter is not able to retain gas bubbles and, in turn, leads to a reduction in volume and a rigid and compact texture [30] [31] [32] . Wang et al. [33] reported that the addition of green tea extracts into dough bread lowered the porosity and increased the hardness and adhesiveness of the final product.
Donut color
The influence of vitamin B 3 and PFE on a* value is shown in Table 2 and Fig. 6a . The statistical analysis showed that the independent variables had no significant effect on a* value at a confidence level of 95% ( Table 2 ). The results of the present study are in line with those of Sheikholeslami et al. [34] . In terms of b* value, the effect of PFE (A), vitamin B 3 (B), interaction effect (AB), quadratic effects of PFE (A 2 ) and vitamin B 3 (B 2 ) were significant (P < 0.05) ( Table 2 ). According to Fig. 6b , there is a non-linear relationship between PFE and b* index, which means that b* value decreases with increasing level of PFE. Donuts containing vitamin B 3 , as shown in Fig. 6b , had a similar trend in b* index. The reduction of b* value can be attributed to chemical reactions, especially browning ones. The increased lightness of donuts is mainly due to the presence of vitamin B 3 , as donuts contains very low level of PFE. The addition of vitamin B 3 resulted in decrease in the extent of the Maillard reaction probably because of its water absorption capacity, which in turn led to a decrease in b* index. Similar results were reported by Ajila et al. [31] , who stated that the addition of mango peel powder to biscuit formulation led to a decrease in b* value of the product due to enzymatic browning derived from peroxidase and polyphenol oxidase existed in mango peel.
The results of ANOVA for L* index demonstrated that the effect of PFE (A), vitamin B 3 (B), interaction effect (AB), and quadratic effect of vitamin B 3 (B 2 ) were significant (P < 0.05) ( Table 2 ). Figure 6c depicts that there is a reverse and non-linear relationship between PFE and L* value and donuts containing higher levels of PFE showed lower L* index likely due to browning reactions in the presence of phenolic compounds, which reduced the lightness of samples. A direct and nonlinear correlation was observed between vitamin B 3 and L* value and the lightness of donuts increased as a function of vitamin level because of water absorption capacity of the vitamin as mentioned previously. The results are in agreement with the findings of Wang et al. [33] and Lu et al. [35] , who reported that inclusion of green tea powder and green tea extract into cake and bread, respectively, decreased the L* value, while the parameter increased in the presence of ascorbic acid.
Sensory attributes
The results showed that PFE and vitamin B 3 had significant linear effect and quadratic effect on donut taste, respectively (Table 2 ). There was an inverse and non-linear relationship between PFE and vitamin B 3 in terms of taste (Fig. 7a) . The response decreased as amount of PFE and vitamin B 3 increased and the highest taste score was obtained in donut samples containing low levels of independent variables. The decreased taste score of donuts made from high levels of PFE could be related to the presence of ellagic acid, which has bitter taste [10] and it can reduce the donut taste. The independent variables had significant linear and quadratic effects on texture of donuts (Table 2) . Donut samples made from low levels of PFE and vitamin B 3 had the highest texture score. As can be seen from Fig. 7b , the PFE addition rises and the vitamin B 3 addition decreases texture of donuts due to the negative effect of vitamin B 3 on gluten formation [31] . A significant linear effect and also significant quadratic effect of vitamin B 3 on donut color was observed, while the addition of PFE had no significant effect on this response (Table 2 ). Donuts containing low amount of vitamin B 3 showed the highest color score. Figure 8a shows that donut color decreases non-linearly as the level of vitamin B 3 is increased. Li et al. [36] reported that cookies enriched with 0.2 g kg −1 bamboo leaf antioxidants and 0.1 g kg −1 vitamin E showed similar sensory attributes (taste, color, and texture) compared to the control cookie.
The results of ANOVA for donut aroma showed significant linear and quadratic effects of vitamin B 3 on this response whereas the effect of PFE was not significant (Table 2 ). Low levels of the independent variables resulted in a donut with the highest aroma score. According to Fig. 8b, there is a non-linear relationship between vitamin B 3 and donut aroma and the response decreased as a function of vitamin B 3 level. There were a linear effect of PFE and quadratic effect of vitamin B 3 on overall acceptability of donut samples (Table 2) . Moreover, samples made from low levels of the independent variables presented higher overall acceptability. Additionally, the general acceptance of donuts declined with an increase in PFE and increased with increasing the level of vitamin B 3 up to a certain point, followed by reduction with a further increase in the variable (Fig. 9) .
Optimization process
The numerical optimization was applied to optimize values of independent variables for the production of reduced acrylamide fried donuts containing different levels of PFE and vitamin B 3 based on the minimal color indices and acrylamide content, and the highest specific volume and overall acceptability. In order to determine the best PFE to vitamin B 3 ratio, the most desired donut formulation with high desirability was selected and proposed as an optimal formulation. It was found that an optimal formulation contained 0.07% PFE and 1.97% vitamin B 3 . 
Conclusions
In this study, a reduced acrylamide donut was developed by the addition of pomegranate flower extract and vitamin B 3 as potent antioxidants. Response surface methodology was applied to optimize the effects of pomegranate flower extract and vitamin B 3 on acrylamide content and physicochemical, textural and sensory attributes. The results of optimization revealed that the content of acrylamide in the final product decreased significantly with increasing amount of pomegranate flower extract and vitamin B 3 . Specific volume of donuts declined as the level of vitamin B 3 increased. As well, peroxide index, thiobarbituric acid value and oil adsorption capacity of the product decreased in the presence of independent variables. The addition of vitamin B 3 led to an increase in L* value, while pomegranate flower extract lowered this parameter. All sensory attributes ranked low scores as function of pomegranate flower extract and vitamin B 3 levels. It can be concluded from the results of this study that the addition of pomegranate flower extract and vitamin B 3 can possess a positive effect on the nutritional value and acrylamide reduction of the donut. Due to its polyphenolic compounds, pomegranate flower extract increases the antioxidant property of the donut. High antioxidative activity and structural stability of vitamin B 3 lead to a considerable decrease in acrylamide content of the final product. In general, pomegranate flower extract and vitamin B 3 can be used as food-grade antioxidants and an alternative to synthetic preservatives to reduce acrylamide content in high-temperature treated food products.
